Objective: The purpose of this study is to investigate possible effects of the slice thickness on volume estimations with Cone Beam Compute Tomography (CBCT).
INTRODUCTION
The use of three-dimensional imaging methods for the maxillofacial region has become common due to the limitations of twodimensional images obtained by conventional radiography.
Cone Beam Computed Tomography (CBCT) was developed for several medical applications, such as angiography 1,2 mammography 1-3 and radiotherapy guidance 1, 2, 4 and it was approved by the Food and Drug Administration (FDA) in 2001 for the visualization of maxillofacial tissues. It is also used in almost all areas of dentistry. 3, [5] [6] [7] Using CBCT, it is possible to obtain sectional images on the axial, sagittal and coronal planes. From these images, the volume of an anatomic or pathologic structure in any plane can be calculated with Cavalieri principle. According to this principle, the volume of an amorphous object can be calculated by multiplying the total area of the sections, which are taken randomly from the overall structure of an object, and the lengths between these sections. 8 In the literature, there are several studies which use CBCT images for volumetric calculations [8] [9] [10] [11] [12] , however, only few studies published regarding the effect of the slice thickness on these calculations.
The aim of this study is to investigate the effect of slice thickness on volume estimation by applying Cavalieri principle to CBCT images.
MATERIALS AND METHODS
In this study, 13 bovine femurs were used and 30 different intraosseous defects with different volumes were created on the femoral condyles by using an oval tungsten carbide burr. The upper borders of the defects were filled with dental stone (Fig. 1) . Cavalieri principle was applied to calculate the volume of each intraosseous defect. For this purpose, each defect was obtained into consecutive sections of 0.1 mm, 0.2 mm, 0.3 mm, 0.4 mm, 0.5 mm, 1 mm, 2 mm, 3 mm, 4 mm and 5 mm using 3D-DOCTOR software (3D-DOCTOR Able Software Corp, Lexington, USA). There were no intervals between sections. The planimetry method was used to calculate the surface area of these sectional images (Fig. 2) . The software automatically gave the total volume by multiplying the total surface area with the section thickness. This procedure was followed for all defects in every section thickness. To calculate the actual volumes of the intraosseous defects, the intraosseous cavities were filled with low-viscosity silicon impression material. After polymerization, silicon impressions were immersed into a pycnometer filled with water, and the volumes were calculated using the density and weight of the water run-over, based on Archimedean principle. These measurements by the waterdisplacement method served as the gold standard.
The data were analyzed using SPSS, version 13 (Chicago, IL, USA). The One Sample Kolmogorov-Smirnov normality test was applied for all samples. The actual volumes, which were determined by the Archimedeans principle, and the volumes that were calculated using Cavalieri principle in 0.1 mm, 0. 
RESULTS
The results of the volume estimations using CBCT images and the actual volumes via Archimedean principle are shown in Table 1 . The Paired Sample T-test was used to compare the volumes, which were calculated in every section thickness by Cavalieri principle, and the actual volume, separately. The Paired Sample T-tests showed that there was not a statistical significance between the actual volumes and the calculated volumes in the 0.1 mm, 0.2 mm and 0.3 mm section thickness, however, there was a statistically significant difference between the actual According to the average absolute variance percentages of the volumes of the defects which were calculated by Cavalieri principle, the lowest variance was 1.1% at the 0.1 mm section thickness and this value was followed by the 0.3 mm (1.25%), 0.5 mm (1.26%), 0.2 mm (1.28%), 0.4 mm (1.58%), 1 mm (1. 8%), 2 mm (1.86 %), 3 mm (2.3%), and 4 mm (3.72%). The highest variance was calculated as 8.59% at the 5 mm section thickness (Table 3) . In the volume calculations by Cavalieri principle, the measurements that were performed to investigate the effect of the number of sections were categorized according to the number of sections. The groups were categorized according to number of sections as 1-5, 6-10, 11-15, 16-20, 21-30, 31-50, 51-100, 101-200, 201-300, 301-570 and named as Group 1, Group 2, Group 3, Group 4, Group 5, Group 6, Group 7, Group 8, Group 9, and Group 10. For each defect, the percent variance (deviance of volumes calculated by Cavalieri principle from actual volumes) was calculated and the group average was determined.
In the calculations performed using Cavalieri principle, the maximum deviance was calculated as 6.9% in the measurements that were done on sections 1-5. This variance was 2% on sections 6-20 and it was 1% in the measurements done on sections 21-570.
DISCUSSION
The pathologies which cause resorptions in the jaw lead to bone defects. 8, 10 Knowing the volume of these defects is important for the diagnosis, treatment plan and the evaluation of treatment outcomes 12 and this can be visualized with 3D imaging techniques. 10, 12 Cavalieri principle is a common technique which is used for volumetric calculations and stereological methods and it enables the calculation of the volumes of amorphous objects which cannot be isolated from the outside environment on 3D radiological images. 9, 13, 14 In the literature, there are several studies which use CBCT images for volumetric calculations. Bayram et al. 9 calculated volume of nine condyles in the dry human mandible and Kayipmaz et al. 8 calculated volume of osseous defects in the sheep mandible.
In the volumetric calculations performed using Cavalieri principle, the thickness of the section affects the accuracy of the calculations. To investigate the effect of section thickness on volumetric calculations in Computed Tomography (CT), Magnetic Resonance Imaging (MRI) and CBCT images, different section thicknesses were used. Odaci et al. 15 calculated volumes of 10 lumbar vertebrae whose volumes changes between 26 600 mm 3 and 34 300 mm 3 on CT images using Cavalieri principle in 3 mm and 5 mm section thickness. Even though calculated volumes were higher or lower than actual volumes in both section thickness, there was no statistically significant difference between actual volumes and calculated volumes. Similarly, Bilgic et al. 16 also calculated volume of an intervertebral disc whose volume changes between 8 780 mm 3 and 15 360 mm 3 on CT images using Cavalieri principle in 3 mm and 5 mm section thickness. They could not find any statistically significant difference between actual volumes and calculated volumes, in this case either. In our study, also we found that the absolute variance 3 and 565.7 mm 3 were formed on the two sheep mandible and scanned with CBCT. The volumes were calculated in 0.2 section thickness and 0.8 interval, in 0.6 mm section thickness and 0.4 mm interval and also 1 mm, 1.4 mm, and 2.2 mm section thickness using Cavalieri principle. Results were then compared with the actual volumes and the calculated volumes in thin sections were found compatible with actual volumes.
In our study, the calculated volumes in thin sections (0.1 mm, 0.2 mm, and 0.3 mm) were compatible with actual volumes, however, the calculated volumes in thicker section were different from actual volumes. The section thickness was found more effective on defects with a diameter less than 1 cm, but larger defects were affected less. The highest average variance from actual volume was 60% and it was found at the 5 mm section thickness of the smallest defect. The smallest average absolute variance was 0.001% and it was at 0.1 mm section thickness of the defect with 10 802 mm 3 volume. When we look at the volume-to-section-thickness relationship in all defects used in this study, the lowest average variance from actual volume was seen at 0.1 mm section thickness and the highest average variance was calculated at 5 mm section thickness.
When volume was calculated using Cavalieri principle, the number of sections also affects the accuracy of the calculations. Sahin et al. 18 reported that 8-15 sections were enough to calculate volume of a liver on MRI images by Cavalieri principle and they did not find any significant difference between actual and calculated volumes. We also found compatible results in our study which was calculated with six or more sections, however, we could not get compatible results which were calculated with five or fewer sections.
CONCLUSIONS
Consequently, the thinnest section should be chosen to be able to find the closest volumetric value to the actual volume. As volume increases, the effect of section thickness decreases and when the number of sections is fewer than five, a significant difference was seen between the actual and calculated volumes.
